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Summary Aim: Pleural fluid (PF) samples may become haemorrhagic due to trauma
during diagnostic procedures. We aimed to evaluate the effect of increasing blood
concentrations in pleural fluids on biochemical parameters which are used to
discriminate transudates and exudates.
Methods: Sixty-seven pleural fluid samples were separated into five test tubes.
Patient’s own blood was added in the test tubes in different concentrations as
follows: No blood in the first tube, 2% in the 2nd, 5% in the 3rd, 10% in the 4th, 20% in
the 5th tube.
Results: After addition of blood, statistically significant changes in all biochemical
parameters in transudate groups were detected. The characteristics changed from
transudate to exudate 12.9%, 14%, 11.4%, 27% and 14.3% according to Light’s criteria,
serum-PF albumin gradient, cholesterol level, PF/serum cholesterol and PF/serum
bilirubin, respectively. Results indicating an exudate according to Light’s criteria
were evident only in the 5th tube group, however, when other biochemical
parameters were used, classification of samples could be altered with lower
concentrations of blood.
Conclusion: Contamination of blood, especially in borderline transudative pleural
effusions, may result in misclassification as an exudate. Light’s criteria appear to be
the least effected and therefore the most reliable parameters in bloody effusions.
& 2003 Elsevier Ltd. All rights reserved.
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Introduction
The first and the most important step of pleural
effusion (PF) analysis is the discrimination of
transudates and exudates. A transudative pleural
effusion leads the clinician to search for a systemic
disease. On the contrary, an exudative effusion is
due to increased permeability of the capillaries or
decreased lymphatic clearance of the fluid from
the pleural space. This discrimination is made by
biochemical parameters such as total protein,
albumin, cholesterol and bilirubin levels in pleural
effusions and ratios of these measurements to
serum levels.
Contamination of pleural effusions with blood
during diagnostic thoracentesis can cause misinter-
pretation as concentrations of total protein,
albumin, LDH, cholesterol and bilirubin in
pleural fluids can be altered by higher levels of
these substances in the contaminating sera.
Which biochemical parameters are affected
by this contamination and mislead clinicians in
the discrimination of transudates and exudates?
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The present study is designed to answer these
questions which have not been investigated so far.
Methods
Sixty-seven patients with pleural effusions are
included in the study. Diagnostic thoracentesis is
performed by 50 cm3 syringes containing 1ml
heparin as defined in the literature.1 Simultaneous
blood samples were obtained, and some of these
samples were used for obtaining sera and some for
simulating blood contamination of PF. The pleural
fluid samples were separated into five different
test tubes. No blood was added into the first tube.
The patient’s own blood was added in the next four
tubes in different concentrations as follows: 2%
(9.8 cm3 PFþ 0.2 cm3 blood) in the 2nd tube, 5%
(9.5 cm3 PFþ 0.5 cm3 blood) in the 3rd, 10%
(9.0 cm3 PFþ 1.0 cm3 blood) in the 4th, and 20%
(8.0 cm3 PFþ 2.0 cm3 blood) in the 5th tube.
Albumin, total protein, bilirubin, cholesterol,
LDH were measured by Ilab 1800 chemistry analyser
using bromcresol green, modified biuret method,
modified Jendrassik Grof method, enzymatic meth-
od and kinetic method (reduction of piruvate to L-
lactate with NADH in the medium), respectively.
Pleural fluids (PFs) in the first tubes were
classified as transudates and exudates according
to Light’s criteria, serum-PF albumin gradient,
cholesterol levels, cholesterol ratio and bilirubin
ratio. The samples in tubes with increasing blood
concentrations were also similarly classified, and
compared to the original sample.
According to Light’s criteria, a PF was accepted
to be an exudate if PF/S proteinX0.5 and/or PF/S
LDHX0.6 and/or PF LDHX2/3 of the upper limit of
the normal serum levels.2 The upper normal limit of
serum LDH is 460U/l in our hospital and 2/3 of this
value was calculated to be 306.6 U/l.
A PF with a serum-PF albumin gradientp1.2 g/dl
or cholesterol level X55mg/dl or cholesterol ratio
X0.3 or bilirubin ratio X0.6 was accepted as an
exudate.3–6 Changes in biochemical parameters of
PFs were tested separately for each group and by
repeated values analysis in dependent groups. Chi-
square test was used for the analysis of the
difference of percentages. Statistica packet pro-
gram was used for these analyses.
Results
Nineteen female and 48 male patients (mean age
64713) were included in the study. Thirty-nine PFs
were transudates, and 28 were exudates according
to total protein ratio. Although a statistically
significant rise of protein ratio between 1st and
5th tubes was detected in the transudate group
(Po0.001), the change in the exudate group was
not significant (P40.05). Six of the transudative
PFs converted to exudates.
Nineteen PFs were exudates and 45 were
transudates according to LDH levels of the first
tubes (three PFs without LDH measurements were
excluded). A significant rise of LDH levels was
detected between the 2nd and the 5th tubes of the
transudate group (Po0.001). On the contrary, a
significant fall was detected in the exudate group
(Po0.05). Only one transudative PF converted to
exudate and one PF with 312U/l as an initial LDH
level converted to transudate.
Thirty-four PFs were transudates and 30 were
exudates according to LDH ratios. There was a
significant rise of the values in transudates
(Po0.001), whereas, a significant fall in exudates
was detected (Po0.05). Although a conversion was
detected in two transudative PFs, there was none
in exudates.
When these three parameters mentioned above
were assessed altogether as Light’s criteria, 31 PFs
were transudates and 33 were exudates. Four
(12.9%) of the transudative PFs converted to
exudate. This change was detected in the 5th
tubes of all four cases, whereas, no change was
detected in the exudate group. Changes of the
biochemical parameters in the 31 transudative
pleural effusions according to Light’s criteria are
shown in Fig. 1.
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Figure 1 Changes of the biochemical parameters in the
31 transudative pleural effusions according to Light’s
criteria.
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Forty-three of the PFs were transudates and 24
were exudates according to serum-PF albumin
gradient. A statistically significant rise of PF
albumin levels and related to it, a significant fall
of albumin gradient were detected in both groups
(Po0.01). Six (14%) PFs in the transudate group
converted to exudate. This conversion was detected
in the 5th tubes of four PFs, in the 4th tube of one PF
and in the 3rd tube of the remaining one PF.
When the cut off point was accepted 55mg/dl for
cholesterol level, 44 PFs were classified as transu-
dates, 20 as exudates. We excluded three cases
without cholesterol measurements. A significant
rise of the values was detected in both groups
(Po0.001). A conversion to exudate was detected
in the 2nd tube of one PF, in the 3rd tube of two
PFs, in the 4th tube of one PF and in the 5th tube of
one PF, totally in 5 PFs (11.4%).
Thirty-seven PFs were transudates, 27 were
exudates according to cholesterol ratio. A statisti-
cally significant rise was detected in the measure-
ments of both groups (Po0.001). There was a
conversion to exudate in 10 (27%) transudative PFs.
This change was detected in the 4th tubes of four
PFs and in the 5th tubes of the remaining six PFs.
Twenty-one PFs were transudates and 43 were
exudates according to bilirubin ratio. Three PFs
without bilirubin measurements were excluded.
Significant rises were detected in both groups
(Po0.05). Three PFs (14.3%) in transudate group
converted to exudate. This conversion was in the 4th
tube of one PF, in the 2nd tube of the other two PFs.
There was no statistically significant difference
of conversion ratios between these criteria
(P40.05).
Changes of biochemical parameters used for
discrimination of transudative and exudative PFs
due to increasing blood concentrations are listed in
Table 1.
Discussion
Differentiation of transudates and exudates is the
first step of the evaluation of PF. Various para-
meters depending on biochemical measurements
have been described for this discrimination.2–6
Contamination of a PF sample with blood can be
spontaneous or iatrogenic. A small amount of blood
is known to be enough to cause a haemorrhagic
appearance, but the effect of the volume of the
mixed blood on the parameters used for discrimi-
nation of transudates and exudates is not clear yet.
As serum levels of these markers are generally
higher than the levels in PFs, contamination of PF
with blood can effect the measurements and
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mislead the clinician. This has been reported in one
case in literature.7 As PF obtained by diagnostic
thoracenthesis is merely a syringe-full, a small
contamination by blood may lead to misclassifica-
tion of a transudate as an exudate.
Our results are in concordance with this hypoth-
esis. Addition of blood to transudative PFs resulted
in a significant rise in all parameters except serum-
PF albumin gradient. A similar rise was observed in
the exudative group except for LDH levels, P/S LDH
ratio and serum-PF albumin gradient. Rise of PF
albumin levels caused a fall in serum-PF albumin
gradient which is statistically significant.
As total protein, LDH, albumin, cholesterol and
bilirubin levels in transudative PFs are low, it can
be expected that increasing serum concentrations
in PFs cause a rise in the levels of these
parameters. It is the same with exudative fluids.
However, increasing serum concentrations added to
exudative PFs caused a significant fall of PF LDH
levels and LDH ratios. LDH can be produced in
pleural space during infectious processes and we
explain this fall by the fact that 19 of our patients had
higher LDH levels in PF than serum. Three of these
patients had parapneumonic PFs and their PF LDH
levels were above 1000U/l. We suggest that increasing
serum concentrations in exudative PFs cause a dilution
in PFs and a relative fall of LDH levels.
Do these statistically significant changes in
biochemical parameters have an important clinical
role? After the addition of blood, 12.9% of PFs
originally classified as transudate according to
Light’s criteria converted to exudate. The conver-
sion ratios for serum-PF albumin gradient, choles-
terol level, cholesterol ratio and bilirubin ratio
were 14.0%, 11.4%, 27.0% and 14.3%, respectively.
No significant difference was detected between
these ratios.
At which concentrations did this conversion
occur? When Light’s criteria were applied, it was
evident only in the 5th tubes. However, the use of
other parameters resulted in conversions at lower
concentrations as well.
Light’s criteria are based on the principle that all
three different parameters should describe a
transudate in contrary to other parameters used
for discrimination of transudates and exudates.
When these three parameters were evaluated
separately, six PFs according to protein ratio, one
PF according to LDH level and two PFs according to
LDH ratio changed into exudates. But, when these
three parameters were evaluated together, only
four of the nine converted PFs were transudative at
the beginning, whereas, the other five were
already exudative according to the other two
parameters and no conversion could be suggested.
When these five PFs were assessed, three transu-
dative PFs according to protein ratio and two PFs
according to LDH ratio had borderline protein ratios
(0.44, 0.49, 0.49) and LDH ratios (0.53, 0.59),
respectively. PFs with these borderline values were
not included in the transudative group according to
other parameters of Light’s criteria. Similarly, a PF
sample with a borderline LDH level (312 U/l) which
was classified as an exudate initially, converted to
transudate after the addition of blood, when only
LDH level was used. Nevertheless, it was classified
as exudate according to protein and LDH ratios
despite changed and misleading LDH levels.
It could be expected that increasing serum
concentrations added to PFs should easily confound
these borderline values, however, no conversion
was evident before the 5th tube according to
Ligth’s criteria. As mentioned above, the border-
line cases which were described as transudative
according to tests depending on only one para-
meter, were already exudative according to Light’s
criteria, initially. This finding can be explained by
the fact that Light’s criteria consist of three
biochemical parameters; only one parameter of
Light’s criteria indicating an exudate is sufficient to
accept a PF to be exudative and the probability of
all three parameters to be at borderline levels at a
time is rather low.
In conclusion, conversion to exudates may be
observed when transudative PFs are contaminated
with blood. This may be especially important in
borderline cases if the sample is grossly bloody. As
three different parameters are taken into account,
Light’s criteria are the least effected of the
changes in PFs due to blood contamination and
therefore the most reliable parameters.
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